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ABSTRACT 
S ix  pe r sons  aged  7 ,  8 ,  41,  54, 69, and 72  y e a r s  were exposed  during 
s i x t e e n  e x p e r i m e n t a l  n i g h t s  to s imula t ed  son ic  booms (0.63 t o  2.5 p s f )  
and  recorded  noise  (101 t o  113 PNdB) from a s u b s o n i c  a i r c r a f t .  The re- 
s u l t s ,  c o n s i d e r e d  t e n t a t i v e  b e c a u s e  o f  t h e  s m a l l  number o f  s u b j e c t s ,  
showed t h a t  t h e  o l d e s t  s u b j e c t s  were awakened about 70% o f  t h e  time by 
s o n i c  booms,  and about 45% o f  t h e  time by the  s u b s o n i c  a i r c r a f t  n o i s e ;  
t h e  middle-aged group were awakened about 3% o f  t h e  time by booms, and 
7% o f  t h e  time by t h e  n o i s e ;  t h e  c h i l d r e n  were not  awakened  by t h e  boom, 
and about 2% of t he  time by t h e  a i r c r a f t  n o i s e .  
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AWAKENING EFFECTS  OF  SIMULATED  SONIC  BOOMS 
AND SUBSONIC  AIRCRAFT  NOISE 
ON SIX SUBJECTS, 7 n> 72 YEARS  OF AGE 
BY 
Jerome S. Lukas  and Karl D. Kryter  
S t a n f o r d  R e s e a r c h  I n s t i t u t e  
I INTRODUCTION 
Although  s tudies   (Refs .   1 ,2 ,3)   have  provided  considerable   informa- 
* 
t i o n  a b o u t  b u i l d i n g  damage caused by sonic  booms and about  probable  publ ic  
r e s p o n s e  t o  sonic booms and subsonic j e t  f lyove r  no i se ,  little d a t a  are 
a v a i l a b l e .  r e g a r d i n g  t h e  e f f e c t s  o f  t h e s e  s t i m u l i  on t h e  s l e e p i n g  i n d i v i d u a l .  
I n  view o f  t h i s  l ack  o f  i n fo rma t ion ,  S t an fo rd  Resea rch  Ins t i t u t e ,  unde r  
c o n t r a c t  to  t h e  National Aeronaut ics  and Space Adminis t ra t ion,  developed 
a s imula to r  o f  t he  indoor  effects o f  s o n i c  booms, and i s  conduc t ing  s tud ie s  
o f  t h e  e f f e c t s  o f  t h e s e  booms and o t h e r  a i r c r a f t  n o i s e  o n  t h e  s l e e p i n g  
ind iv idua l .  Th i s  r epor t  desc r ibes  the second  of two s t u d i e s  on t h i s  sub- 
ject. A r e p o r t  e n t i t l e d  " P r e l i m i n a r y  S t u d y  o f  t h e  Awakening  and S t a r t l e  
E f f e c t s  of Simulated Sonic  &oms" (Ref .  4)  provides  a d e t a i l e d  d i s c u s s i o n  
of t h e  s o n i c  b o o m  s imulator ,  and the i n i t i a l  s t u d y .  
S i x  c o l l e g e  s t u d e n t s  were t h e  s u b j e c t s  o f  t h e  f i r s t  s t u d y .  The  sub- 
Jects of t h e  s t u d y  o f  s l e e p  r e p o r t e d  h e r e  c o n s i s t e d  o f  s ix  people  ranging 
i n  age from 7 t o  7 2  y e a r s .  
* R e f e r e n c e s  a r e  l i s t e d  a t  the  end of t h e  r e p o r t .  
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I I OBJECTIVES 
The o b j e c t i v e s  of the  s tudy  r epor t ed  here were to  de te rmine :  (1)  t h e  
effects, ove r  a period of about one month, of sonic 'booms and subsonic 
t u r b o j e t  aircraft engine  noise  on  the e lec t roencephalographic  (EEG) 
a c t i v i t y  and t h e  behavioral  awakening of a s leeping person,  and (2 )  t h e  
d i f f e r e n c e  i n  s e n s i t i v i t y  among i n d i v i d u a l s  o f  d i f f e r e n t  age g roups  to  
s o n i c  booms and j e t  aircraft  no i se .  
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I I I PROCEDURES 
S u b j e c t s .  S i x  p e o p l e  o f  t h r e e  d i f f e r e n t  a g e  g r o u p s  were s u b j e c t s .  
They were: (young) two females , ages 7 and 8 years;  (middle- aged) '  two 
males, ages  41  and 54; and  (o ld)  two males,  ages 69 and 72 y e a r s .  Audio- 
grams f o r  t h e  young and  midd le -aged  sub jec t s  i nd ica t ed  tha t  t he i r  hea r ing  
was within  normal limits. Inso fa r   a s   no rma t ive   da t a  are a v a i l a b l e ,  a 
l o s s  of about 40 dB a t  4000 Hz is t o  be e x p e c t e d  i n  males ages 60 and 
o lde r   (Re f .   5 ,6 ,7 ) .   These  norms also sugges t   t ha t   an   add i t iona l   d rop  of 
7 t o  1 0  dB is t o  be expected per  decade of age.  Our s u b j e c t s  showed 
g r e a t e r  l o s s :  The 72-year  old showed a l o s s  of about 90 dB a t  4000 Hz, 
and the 69-year  old showed  a l o s s  of about 60 dB a t  t h e  same frequency,  
b u t  t h e i r  t h r e s h o l d s  a t  1000 Hz were near  es t imated  normal  leve ls .  I t  
is c o n c l u d e d ,  t h e r e f o r e ,  t h a t  t h e  two o l d e s t  s u b j e c t s  h a d  h e a r i n g  losses 
somewhat greater  than comparable  normative age groups a t  4000 Hz and 
above but not a t  1000 Hz or lower.  
The sub jec t s  i nd ica t ed  tha t  t hey  had  hea rd  son ic  booms and a i r c r a f t  
n o i s e s  i n f r e q u e n t l y  i n  t h e  p a s t  f e w  years ,  and  tha t  because  of  the  in-  
frequency were n o t  h e a v i l y  b i a s e d  f o r  o r  a g a i n s t  air  t r a n s p o r t a t i o n  o f  
e i t h e r  sub- or s u p e r s o n i c  v a r i e t y .  
Test  Procedure.  On t h e  f i r s t  n i g h t  i n  t h e  l a b o r a t o r y  t h e  s u b j e c t s  
were t o l d  i n f o r m a l l y  a b o u t  t h e  g o a l s  of the experiment and what was ex- 
pected of them; they  were shown the boom-generating equipment, m d  a 1-psf 
boom was demonstrated.  The subjec ts  then  put  on  the i r  pa jamas  and  the  
e l e c t r o d e s  were a t t a c h e d .  F o u r  t o  f i v e  n i g h t s  were permi t ted   the   sub-  
5 
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jects t o  accommodate t o  s l eep ing  in  the  l abora to ry  env i ronmen t ,  and  
d u r i n g  t h i s  time t h e  e x p e r i m e n t e r  l e a r n e d  t h e  c h a r a c t e r i s t i c s  of t h e  
EEGs of t h e  d i f f e r e n t  age groups .* 
On t h e  accommodat ion  and  exper imenta l  n ights  a f te r  the  subjec ts  
were i n  bed  and t h e  i n s t r u m e n t a t i o n  c a l i b r a t e d ,  t h e  s u b j e c t s  were asked 
t o  p u s h  t h e  awake s w i t c h e s  t h r e e  times as if t o  c h e c k  t h a t  t h e  s w i t c h e s  
were ope ra t ing  p rope r ly .  Two awake swi tches- -one  for  each  subjec t - -were  
hanging from headboards of  the beds.  Every night  before  the l ights  were 
e x t i n g u i s h e d  t h e  s u b j e c t s  were t o l d  t h a t  i f  t h e y  s h o u l d  wake up f o r  any 
reason  dur ing  t h e  n igh t  t hey  were t o  push  the "awake switch" t h r e e  times. 
The s u b j e c t s  were g iven  no f u r t h e r  i n s t r u c t i o n s .  They were n e v e r  t o l d  i f  
booms and  f lyovers  would occur .  
Af t e r  t he  expe r imen te r  was assured  t ha t  b o t h  s u b j e c t s  h a d  f a l l e n  
a s l eep - -usua l ly  one  sub jec t  was i n  S t a g e  3 or 4 and t h e  o t h e r  was i n  any 
o t h e r  s t a g e  w i t h  t h e  e x c e p t i o n  o f  S t a g e  1, and a t  least  30 m i n u t e s  a f t e r  
t h e  l a s t  p r e p a r e d  s u b j e c t  was i n  b e d - - t h e  s t i m u l u s  s e q u e n c e  f o r  t h e  n igh t  
began. A s imula t ed  son ic  boom or f l y o v e r  was presented  a t  random on an  
average of every 15 minutes,  w i t h  a range  of  10 t o  30 minutes.  Because 
of t h e  d i s t r i b u t i o n  o f  s l e e p  s t a g e s  t h r o u g h o u t  t h e  n i g h t  i t  was hoped t h a t  
using such a procedure would r e s u l t  i n  a n  e q u i v a l e n t  number of s t i m u l i  o c -  
c u r r i n g  d u r i n g  e a c h  o f  t h e  s t a g e s  o f  i n t e r e s t :  S t a g e  2, De l t a   (S t age  3 
and 4 combined), and Stage REM (Rapid Eye Movement) (Refs .  8,9,10,11). 
These s tages  comprise  about  90 p e r c e n t  o f  t o t a l  n i g h t t i m e  a c t i v i t y .  
* I t  i s  u n f o r t u n a t e  t h a t  most of t h e  s l e e p  data r e p o r t e d  i n  t h e  l i t e r a t u r e  
have  been  obta ined  on  co l lege  s tudents .  We have observed that  the EEGs 
of our  young and o ld  g roups  va ry  wide ly  wi th  r e spec t  t o  ampl i tudes  o f  
t he  va r ious  waves as compared t o  t h e  a m p l i t u d e s  i n  c o l l e g e  s t u d e n t  EEGs. 
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To s t i m u l a t e  t h e  s u b j e c t  t o o  f r e q u e n t l y  d u r i n g  t h e  n i g h t  would have 
been  undes i r ab le  s ince  h i s  u sua l  s l eeppa t t e rnwou ld  have  been  d i s rup ted .  
I t  was e s t i m a t e d  t h a t  i f  s t i m u l a t i o n  a t  low i n t e n s i t y  l e v e l s  o c c u r r e d  
i r r e g u l a r l y  but  on  the  average  a t  abou t  15  minu te  in t e rva l s ,  t he  sub jec t  
cou ld  be  s t imu la t ed  six or  seven times i n  e a c h  of t h e  s l e e p  s t a g e s  w i t h o u t  
any s i g n i f i c a n t  d i s e u p t i o n  o f  s l e e p  p a t t e r n .  As it turned  out ,  it was 
n o t  f e a s i b l e  t o  s t i m u l a t e  a n  e q u a l  number of  times i n  each  o f  t he  th ree  
s l eep  s t ages .  S ince  the re  cou ld  be no a s s u r a n c e  t h a t  two s u b j e c t s  would 
h a v e  i d e n t i c a l  s l e e p  p a t t e r n s ,  s t i m u l a t i o n  for one  sub jec t  would occasion- 
a l l y  be de layed  because  the  o the r  sub jec t  was i n  a s l e e p  s t a g e  d u r i n g  
which  s t imula t ion  was no t  r equ i r ed .  I t  a l so  deve loped  tha t  t he  o ld  sub -  
jects were found to  be awakened very frequently by even t h e  l e a s t  i n t e n s e  
s t i m u l i ,  so t h a t  the t o t a l  number  of s t i m u l a t i o n s  f o r  t h i s  group were re- 
duced from a t o t a l  of 20 p lanned  per  n ight  to  approximate ly  s ix  per  n ight .  
Af t e r  abou t  two exper imenta l  n ights  t h e  middle-aged subjects began com- 
p l a i n i n g  that  they were v e r y  f a t i g u e d  i n  the morning, although they may 
have  been f u l l y  awakened  but  once by the s t i m u l i .  The s c h e d u l e  f o r  these 
s u b j e c t s  was r e d u c e d  t o  a b o u t  1 2  t r i a l s  p e r  n i g h t .  
The  method o f  c o n s t a n t  s t i m u l i  was used-- i .e . ,  a s i n g l e  i n t e n s i t y  o f  
boom and  subson ic  a i r c ra f t  no i se  was presented throughout  an experimental  
n i g h t .  I n  o r d e r  t o  d e t e r m i n e  i f  t h e  s u b j e c t s  a d a p t e d  d i f f e r e n t l y  t o  t h e  
three i n t e n s i t i e s  of s t i m u l i  a n d  t o  m a i n t a i n  a c o n s t a n t  number o f  s t i m u l i  
of each in tens i ty  be tween the first s i x  ( b a s e l i n e )  n i g h t s  and f i n a l  s i x  
( a d a p t a t i o n - t e s t )  n i g h t s ,  t h e  s t i m u l i  were p r e s e n t e d  i n  o r d e r  o f  i n c r e a s -  
i n g   i n t e n s i t y ,  wi th  t w o  n i g h t s  of t e s t i n g   a t  each i n t e n s i t y .  The middle . 
n igh t s  i nc luded  two n igh t s  o f  test a t  each  of  t he  two h i g h e s t  i n t e n s i t i e s .  
The i n t e n s i t i e s  and number of  booms and a i r c r a f t  n o i s e  p r e s e n t e d  o n  e a c h  
tes t  n i g h t  are shown i n  T a b l e  I .  A s  a r u l e ,  the  s u b j e c t s  were tested 
twice p e r  week, bu t  on  nonconsecut ive  n ights .  
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Table I 
NUMBER AND INTENSITY  OF  STIMULI  TESTED 
ON DIFFERENT EXPERIMENTAL NIGHTS 
Number Experimental  Nights 1 
Group 
Age and Stimulus 
Intensity 16 15 14 13 12 11 10 9 8 7 6  5  4 3  2 1 
Sonic 
Subsonic N 10  10  10 10 10 10  10 5  7  5 8 1 0 ,  10  10  10  10 
Psf  0.63  0.63  1.25  1.25  2.5  2.5  2.5  2.5  1.25  1.25  0.63  0.63  1.25  1.25  2.5 2.5 Boom 
10 10 10 10  10 8 4 8 6 10  10  10  10 10  10  10 N 
Sonic 
Psf 54 
6 1 0 8 6 6 4 4 5 5 6 7 4 8 6 8 8  N 
2.5  2.5 1.25 1.25  0.63  0.63  1.2  1.25 2.5 2.5  2.5 1.25  1.25  0.63 0.63 
41 ' I Boom 
I I I I I I I I I I I I I I I I I 
Years 
Subsonic 6 1 0 8 6 6 4 4 4 5 6 7 6 8 7 8 8  N 
Flyover PNdB 
6 6 3 3 3 3 3 3 3 3 3 3 4 3 4 5  N Sonic 
113 113  107  107  101  101 i07 107  113 113 113  113 107 107 101 101 
69 ' 
BOODI 72 
Flyover 
ISubsonicI N 1 6 1   6 1   3 1  3 1  3 1  31i 3 1  31, 3 1   3 1  3 1  3 1   3 1  3 1  4 1   5 1  
0.63 0.63  1.25 1.25  1.25'1.25 0.63  0.63 0.63  0.63  0.63  0.63  0.63  0.63  0.63  0.63 Psf 
Years 
PNdB 101  101 101 101  101  01 ! l o 1  ,101 1101 101  107 07 107  107 101  101 
I 
Three  n ights  of  tes t ing  of  each  group inc luded  cont ro l  trials i n  
which the  s t imu lus - t r igge r ing  swi t ches  would be pushed, but no s t i m u l i  
occur red .  The s p e c i f i c  trails f o r  these tests were s e l e c t e d  a t  random 
b e f o r e  t h e  s u b j e c t s  a r r i v e d  a t  the  l abora to ry ,  and  were superimposed  upon 
the  usua l  p rocedure .  Of t h e  37 c o n t r o l  t r i a l s ,  i n  only  one  ins tance  was 
any EEG change found to  occur  wi th in  10  seconds  o f  t he  test, when about  
P ' seconds  of "sp indl ing"  was observed.  No behavioral   awakening  occurred 
i n  any of t h e s e  trials. 
Electroencephalograms from a central  e lectrode,  monopolar  with respect  
t o  t h e  c o n t r a l a t e r a l  ear, and bipolar  eye movements  from two e l e c t r o d e s  
p rox ima l  t o  the  ou te r  can th i  were  r eco rded  th roughou t  t he  expe r imen ta l  
n ights .   These   loca t ions   a re   in   accord   wi th   recommendat ions  of Recht- 
schaffen and Kales  (Ref .  12) .  
S t i m u l i .  The parameters   o f   the  booms and f l y o v e r s  a r e  i n d i c a t e d  i n  
Table  I and w i l l  be p r e s e n t e d  i n  c o n j u n c t i o n  wi th  t h e  r e s u l t s .  I t  is 
s u f f i c i e n t  t o  n o t e  here t h a t  t h e  boom i n t e n s i t i e s  were s e l e c t e d  t o  b e  
r ep resen ta t ive   o f   t hose   expec ted  from t h e  s u p e r s o n i c  t r a n s p o r t s .  The 
f l y o v e r  n o i s e  o f  t h e  s u b s o n i c  J e t  a i r c r a f t  was s e l e c t e d  from record ings  
made i n  t h e  bedroom of a t y p i c a l  d w e l l i n g  when the  a i r c r a f t  was pass ing  
overhead a t  a n  a l t i t u d e  of about 500 f e e t ;  it had  a d u r a t i o n  of about 5 
seconds and was played back a t  v a r i o u s  i n t e n s i t i e s  d e p e n d i n g  upon t h e  
p a r t i c u l a r  e x p e r i m e n t a l  c o n d i t i o n s .  
The s o n i c  boom s imula to r  u sed  fo r  these t e s t s  g e n e r a t e s  and modulates 
I t  booms" so t h a t  t h e  no i se  and v i b r a t i o n  a r e  s i m i l a r  t o  t h a t  f o u n d  i n  a 
t y p i c a l  home when s t r u c k  by a c t u a l  s o n i c  booms.  The boom and f l y o v e r  
i n t e n s i t i e s  and o t h e r  c h a r a c t e r i s t i c s  r e p o r t e d  h e r e i n  a r e  t h o s e  t h a t  would 
be p r e s e n t  o u t s i d e  a t y p i c a l  h o u s e  i n  o r d e r  t o  create the l e v e l s  p r e s e n t  
i n  t h e  s u b j e c t s '  test chamber. Ou t -o f -door  l eve l s  a r e  usua l ly  used  when 
t a lk ing  abou t  son ic  booms and  f lyover  noise  as  a p r a c t i c a l  means of ex- 
p r e s s i n g  t h e  i n t e n s i t i e s  o f  t h e s e  s t i m u l i .  
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Scor ing  of  the Elec t roenceDhalogram.  In  the  pre l iminary  s tudy  
(Ref .  4) a t e c h n i q u e  f o r  s c o r i n g  the changes e l i c i t e d   i n  the EEG by stim- 
u l a t i o n  was developed.  These scoring criteria are p r e s e n t e d  i n  T a b l e  11. 
I n  t h e - s t u d y  r e p o r t e d  h e r e ,  t h e  s c o r i n g  scheme was s i m p l i f i e d  to a three- 
p o i n t  scale: No Response, EEG Change, and Awake .  The No Response  score 
inc luded  a l l  the  'k-complex" responses  or  scores  of  0 t o  2 shown i n  
Table 11, EEG Change inc luded  sco res  3 t o  5, and A w a k e  inc luded  only  
behavioral  awakening, a s c o r e  of 7 .  Inc lus ion  o f  t h e  K-complex s c o r e s  
i n t o  the No-Response ca tegory  appears  warran ted  s ince  Davis  e t  a l .  
( R e f .  1 3 )  r e p o r t e d  t h a t  t h e  "K-complex" i n  t h e  awake s u b j e c t  is  n o t  spe: 
c i f i c  fo r  aud i to ry  s t imu la t ion  bu t  has  been  found  for both v i sua l  and  
e l e c t r i c a l  s t i m u l a t i o n ,  with d i f f e r e n c e s  i n  l a t e n c y  a n d  s h a p e  d u e  t o  t he  
p a r t i c u l a r  mode of s t i m u l a t i o n .   I n   a d d i t i o n ,  Williams ( R e f .  14)  showed 
tha t  "K-complexes"  tend not  to  be observable  in  Stages R E M  o r  4, t h u s  
poss ib ly   i n t roduc ing  a s c o r i n g  ar t i fact .  Indeed ,   i n  h i s  s tudy ,  i f  the  
rrK-complex'f s c o r e s  were not  cons idered ,  t he  r e s u l t  was a greater spread  
of t h e  sco red  r e sponses  e spec ia l ly  a t  l o w e r  s t i m u l u s  i n t e n s i t y  l e v e l s .  
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Table I1 
EEG  SCORING CRITERIA 
score* Change Required on EEG Record 
0 No change. 
Low-amplitude K complex, less than 150 microvolts,  occurring within one second of i I 
t e rminat ion of s t imulus,  but  usual ly  is coinc identa l  with s t imula t ion .  
High-amplitude K complex, above 150 microvol t s ,  o r  severa l  K responses,  occurring 
~ 
within two seconds of  terminat ion of  the  stimulus.  
1 
I 2  
3 Presence of  a lpha pat tern or  synchronizat ion within two seconds of termination 
of  s t imulat ion.  
Movement o f  f a c i a l  o r  eye muscles, o r  body movement, wi th in  s ix  seconds  of  
st imulus termination. 
4 
Shi f t  i n  s l eep  s t age  one  step (e.g. ,  from a Stage 3 t o  a Stage 2) within one 
minute of s t i m u l u s  termination. 
S h i f t  i n  s l e e p  s t a g e  two s t e p s  (e.g., frQm a Stage 4 t o  a Stage 2 )  within one 
minute of s t i m u l u s  termination. T h i s  category was never  used,  s ince a s h i f t  of 
two s t ages  was always accompanied by awakening. 
Prolonged alpha movement, and an awake response, within one and one-half minutes 
the  switch t h a t  was hanging from t h e  bed headboard.. 
7 of stimulus termination. The delay was requi red  to  a l low the sub jec t  time t o  f i n d  
* 
These scores  are  not  independent  s ince a high score usual ly  included a l l  the lower scores.  
For  example: A response of 3 i nd ica t ed  tha t  K complexes also occurred.  

I V  RESULTS 
Ver i f i ca t ion  o f  Sub jec t  Pa i r ing .  To determine  whether  the  grouping  
o f  t he  sub jec t s  i n to  the  young ,  midd le -aged ,  and  o ld  categories was mean- 
i n g f u l  f o r  p u r p o s e s  of f u r t h e r  d a t a  a n a l y s i s ,  t h e  r e s p o n s e s  o f  t h e  g r o u p s  
t o  b o t h  s i m u l a t e d  and f l y o v e r  n o i s e s  r e g a r d l e s s  o f  i n t e n s i t y  were compared 
s t a t i s t i c a l l y .  I t  was  found that the  r e sponse  f r equenc ie s  of t h e  s u b j e c t s  
by age group were similar b u t  t h a t  t h e  a g e  g r o u p s  d i f f e r e d  f r o m  e a c h  o t h e r ,  
a s  shown i n  T a b l e  111. Accordingly,  i t  was c o n c l u d e d  t h a t . t h e  d a t a  f o r  
the re spec t ive  age  g roups  cou ld  be  combined  fo r  da t a  ana lys i s  and  in t e r -  
p r e t a   t i o n .  
Response to  Simulated  Sonic  Booms. Tha t  t he  th ree  age  g roups  re- 
s p o n d e d  d i f f e r e n t l y  t o  booms a t  the i n t e n s i t i e s  t e s t e d  i s  shown i n  t h e  
data of Table I V .  The old group was awakened much more f r equen t ly  than  
was the middle-aged group which, in turn , was awakened more f r e q u e n t l y  
than were t h e  young c h i l d r e n .  O b s e r v e d  d i f f e r e n c e s  i n  r e s p o n s i v e n e s s  t o  
son ic  booms of the middle-aged and young groups was found to be statis- 
t i c a l l y  s i g n i f i c a n t  ( X  = 7 . 7 0 6 ,  2 df , 0.025 > p > 0.002) d u e ,  i n  t h e  
m a i n ,  t o  t h e  r e l a t i v e l y  l a r g e  number of  awake responses  in  the middle-  
age  group. Note, a l s o ,  i n  T a b l e  I V  t h a t  t h e  f r e q u e n c y  of "NO Responses" 
i s  i n v e r s e l y  r e l a t e d  t o  c h r o n o l o g i c a l  a g e .  
2 
With r e s p e c t  to  t h e  e f f e c t s  of v a r i a t i o n s  i n  boom i n t e n s i t y ,  t h e  
old and young subjects  were found t o  r e s p o n d  s i m i l a r l y  to booms a t  t h e  
i n t e n s i t i e s  tested, and the middle-aged group showed s t a t i s t i c a l l y  sig- 
n i f i c a n t  d i f f e r e n c e s  d u e  to  i n t e n s i t y .  T h e s e  d a t a  are  p r e s e n t e d  i n  
Table V. 
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Table  I11 
RESPONSE FREQUENCIES OF THREE AGE GROUPS, TO SIMULATED 
SONIC BOOMS AND SUBSONIC JET FLYOVER NOISE 
T Response I 
I 
X2 = 0.412,  2 df  (degrees  of  f reedom),  N.S. ( N o t  S i g n i f i c a n t ) .  
X = 9.028, 2 d f ,  0.05 > p > 0.025,N.S. [Because  of  the small 
number of subjec ts  in  each  group and  the  occurrence  of f e w  
r e sponses  in  some of t h e  s c o r i n g  c a t e g o r i e s ,  i t  appea red  tha t  
a c r i t e r i o n  of s t a t i s t i c a l  s i g n i f i c a n c e  of p = 0.025 would 
m i n i m i z e  t h e  l i k e l i h o o d  o f  a t t r i b u t i n g  s t a t i s t i c a l  s i g n i f i c a n c e  
due t o  errors of measurement  while  yet  maintaining a r easonab le  
l i ke l ihood  of d e t e c t i n g   r e a l   d i f f e r e n c e s .   I n   s u b s e q u e n t   t a b l e s  
p > 0.025 w i l l  be r e p o r t e d  a s  b e i n g  n o n s i g n i f i c a n t  ( R e f .  15)] 
X2 = 3.342, 2 d f ,  N.S. 
2 
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Table  IV 
RESPONSE  FREQUENCIES OF T m E  AGE GROUPS 
TO SIMULATED  SONIC BOOMS 
I I 
Frequency ( N )  
Group 
of Responses 
and Percent 
I I I 
Middle-Aged I N s 
x2 = 379.560, 4 df, p < 0.01 
Response 
Awake 
NO I C E g e  I Response 
5 
(69.9)  (29.8) (0.3) 
202 86  1 
(60.8) (36.7) (2.5) 
121 73 
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Table V 
RESPONSE  FREQUENCIES  OF  THREE AGE GROUPS  TO  SIMULATED  BOOMS  OF DIFFERING  INTENSITY 
Old ( a )  
Response  Response  Response 
Middle Aged ( b )  
Frequency ( N )  
and Pe rcen t  
of  Responses No R e -  EEG 
Change sponse 
Young ( c )  
Boom 
In tens i   t yd  
Awake 
EEG No Re-  
Awake 
EEG . No Re- 
Awake 
Change sponse Change sponse 
0.63 psf  
N 61 15 0 34 13 0 13 12 69 
?i 
(66.7)  (33.3) (0) (67.1) (28.6)  (4.3) % 
(65.7) (33.3) (0.9) (48.8)  (48.8) (2.4) (18.2) (13.6)  (68.2) % 
(80.3)  (19.7) (0) (72.3)  (27.7) (0) (13.8) (12.8) (73.4) 
1.25 psf 
N 67 34 1 40 40 2 4 3 15 
2.5 psf 
N 74 37 0 47 20 3 
CL 
Q, 
a 2  X = 0.304, 2 d f ,  N.S. 
X2 = 11.067,  4 d f ,  0.02 > p > 0.01 
c 2  X = 5.069,  4 df ,*  N.S. 
* Tabular ized   Chi -square   s ign i f icance   l eve ls   a re  good a p p r o x i m a t i o n s  i f ,  i n  cases with 
two o r  more degrees of freedom, fewer than 20 percent of the ce l l s  have expected fre-  
quencies  of  about 1 (Ref.  16,  17 ) .   In   ca ses   such  as t h i s  where t h e  rule was not met, 
t h e  column con ta in ing  the  ze ros  was excluded  from  the  Chi-square  calculation. The 
Chi-square Distr ibut ion Table  was then entered with the degrees  of  f reedom that  would 
have  been  used,  had  the  column  not  been  excluded.  In  effect ,  i t  is  assumed t h a t  t h e  
e x p e c t e d  p r o b a b i l i t i e s  f o r  t h e  ce l l s  of t h e  column i n  q u e s t i o n  a r e  z e r o .  Note t h a t  
s ince  the  deg rees  of  freedom are  increased  through th is  procedure ,  the  ca lcu la ted  X 
2 
- 
rl must  have a g r e a t e r  magnitude t o  be s i g n i f i c a n t .  u 
Peak overpressure of boom a s  measured  outdoors.  Comparable  peak  level  indoors  about 8 dB 
less .  Duration  of booms  was about 275 m s .  Es t ima ted   e f f ec t ive  rise time of booms was 
about 10 m s .  
I 
I 
I n s p e c t i o n  of the  Chi -squares  of each of the cells  i n  t h e  t a b l e  f o r  
the middle-aged group revealed that t h e  major c o n t r i b u t o r  ( a b o u t  30%) t o  
the Chi-square for t h e  ent i re  t a b l e  was t h e  l a r g e  number of EEG Changes 
t o  booms of l;25 p s f .  The  con t r ibu t ion  o f  t he  o the r  ce l la  was r e l a t i v e l y  
small ( t h e  l a r g e s t  c o n t r i b u t i n g  a b o u t  18%). S t a t i s t i c a l  c o m p a r i s o n  o f  
t h e  r e s p o n s e s  of the middle-aged group to booms of '0.63 psf  versus  those  
to  booms of 2.5 p s f  r e v e a l e d  n o  s i g n i f i c a n t  d i f f e r e n c e s  (X2 = 2.0665, 
2 d f ,  N.S). I t  is  c o n c l u d e d ,  t h e r e f o r e ,  t h a t  for the  middle-aged  group 
t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  d u e  t o  boom i n t e n s i t y  p r o b a b l y  
was a  random error due to  t h e  p a r t i c u l a r  e x p e r i m e n t a l  c o n d i t i o n s  p r e s e n t  
du r ing  exposure  to  booms of 1.25 p s f .  
Response .to Si.mulated Sonic Booms Dur ing  the  S leep  Stages  On the 
. . - . .  
b a s i s  o f  r e p o r t e d  s t u d i e s  ( R e f s .  4 ,  14, 18) it was  hypothesized that t h e  
r e sponses  to  booms would v a r y  a s  some f u n c t i o n  o f  t h e  s t a g e  of s l e e p .  
Data  presented  in  Table  V I  and Fig.  1 show that t h e  h y p o t h e s i s  was borne 
o u t .  Two gene ra l   r e su l t s   shou ld   be   no ted :  (1) The  groups  uniformly 
were awakened most f r e q u e n t l y  by booms d u r i n g  s l e e p  s t a g e  R E M .  Cons i s t en t  
w i th  the  f ind ings  p re sen ted  above ,  t he  old group was awakened most f r e -  
quen t ly - - i . e . ,  by about  93 p e r c e n t  of t h e  booms o c c u r r i n g  d u r i n g  s l e e p  
s t a g e  R E M ,  while the middle-aged and young groups were awakened by 4 and 
2 p e r c e n t ,  r e s p e c t i v e l y ,  of t h e  booms o c c u r r i n g  d u r i n g  s l e e p  s t a g e  R E M .  
(2) While i n  s l e e p  s t a g e  R E M ,  the  middle-aged  and  young  groups were 
least  l i k e l y  to  show any  r e sponse  in  the  EEG. 
The r e l a t ive  r e spons iveness  o f  t he  g roups  t o  booms d u r i n g  t h e  s l e e p  
s t a g e s  are  shown i n  F i g .  2 where it w i l l  be  seen  that f o r  t h e  young group 
t h e  r e s p o n s e  f r e q u e n c i e s  t o  booms d u r i n g  s l e e p  s t a g e  D e l t a  a r e  s i m i l a r  
to  those  du r ing  S tage  2 (X2 = 0.36, 2 df , N. S .  ) , whi le  fo r  t he  midd le -  
aged  group,  responses  dur ing  Del ta  a re  similar to  t h o s e  o c c u r r i n g  i n  
s t a g e  R E M  ( X2 = 4.57 ,  2 df  , N.S. ) . In  the  o lde r  g roup  the  r e sponse  
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Table V I  
RESPONSE  FREQUENCIES OF THREE AGE GROUPS , DURING SLEEP  STAGES 2 , REM, 
AND DELTA, TO SIMULATED  SONIC  BOOMS 
Olda Middle Agedb 
Frequency ( N )  
and Pe rcen t  
of Responses EEG 
Young' 
Sleep 
Stage 
Response 
Awake 
Change 
2 
N 46 9 
% (70.8)  (13.8) 
I 
Delta  
5 1 (4:6) 1 (23.8) 
I I I  
REM I N 28 1 % 
I I I 
Response 1 Response I 
No I Awake 
Response 
EE G 
Change 
57 
(54.3) 
11 
(26.2) 
NO 
Response 
46 
(43.8) 
30 
(71.4) 
~ Awake 1 EEG I NO 
Change  R sponse 
1 (0) (36.1) 
97 
(67.4) 
62 
(63.9) 
(9.6) I (86.5) 45 (2.1) l I  (8.3) (89.6) 43 I 
100  AWAKE 
I 
W 
U 
"31 
90- i 
0- 
70 - 
60- 
l- 
0 50- 
a 
a 
W 
U 
40 - 
30 - 
20 - 
10 - 
0 -  
C C C  
CHANGE 
"Y 
Boom  Intensities: 0.63 pd, 1.25 psi and 2.5 psf 
-Duration:  275 ms 
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FIGURE 2 RESPONSE OF THREE  AGE GROUPS TO SONIC BOOMS' AS A FUNCTION OF SLEEP STAGE 
f r e q u e n c i e s  d u r i n g  S t a g e  2 a r e  midway between those found during s leep 
stage Delta and  during stage REM. ( S t a t i s t i c a l  c o m p a r i s o n s  of t h e  re- 
sponse  f r equenc ie s  of the  o ld  g roup  du r ing  S tage  2 with  those  found dur -  
i ng  S tage  REM and Stage Delta were n o t  s i g n i f i c a n t :  X2 = 6.071, 2 df , 
N . S . ,  and X2 = 3.758, 2 d f ,  N.S., r e s p e c t i v e l y . )  The r e s u l t s  r e p o r t e d  
h e r e  f o r  t h e  young group are i n  g e n e r a l  agreement w i t h  t h o s e  of Williams 
( R e f .  14, see h i s  F i g s .  2 and 3, or R e f .  8 ,  pp. 277 t o  287, Fig .  VIII.3) , 
w h e r e i n ,  w i t h  s o l d i e r s  a g e d  21 to 35 y e a r s ,  t h e  scores of EEG a r o u s a l  to  
tones d u r i n g  S t a g e  2 were similar to  the  ave rage  scores obta ined  dur ing  
S tage  3 and 4 ,  or  S tage  Delta as  used i n  t h i s  r e p o r t .  
Adaptat ion t o  Simulated  Sonic  Booms.' I t  i s  c l e a r  that because of 
the  demons t r a t ed  r e sponse  d i f f e rences  to  booms i n  t h e  s l e e p  s t a g e s ,  tests 
o f   adap ta t ion   shou ld   be   spec i f i c  to  t h e  s l e e p  s t a g e .  I n  f a c t ,  the pre-  
v ious  s tudy  ( R e f .  4 )  r e p o r t e d  t h a t  i n  c o l l e g e  s t u d e n t s  a d a p t a t i o n  t o  l o w -  
i n t e n s i t y  booms was found during Stage 2.  The responses  during the first 
s i x  n i g h t s  o f  t e s t i n g  i n  w h i c h  boom i n t e n s i t y  was inc reased  from 0.63 psf  
t o  2.50 psf  (except  for the  o ld  group who were t e s t e d  w i t h  boom i n t e n s i t i e s  
of 0.63 psf  and  1 .25  psf )  are  compared w i t h  t h e  l a s t  s ix  n i g h t s  d u r i n g  
which the i n t e n s i t y  was i n c r e a s e d  i n  a n  i d e n t i c a l  manner (see Table  I). 
I n  t h e  o l d  g r o u p ,  s t a t i s t i c a l l y  s i g n i f i c a n t  a d a p t a t i o n  was found 
d u r i n g  S t a g e  2 ,  a s  i n d i c a t e d  by t h e  d e c r e a s e  i n  t h e  frequency (from 89.7 
t o  61.5 percent )  of  awake r e sponses  and  the  inc rease  in  f r equency  o f  no  
responses  (from 6.9 t o  19.2 p e r c e n t ) .  T h e s e  d a t a  a r e  p l o t t e d  i n  F i g .  3. 
A similar r e s u l t  s u g g e s t s  t h a t  a d a p t a t i o n  to  booms may have begun i n  
S tage  Delta,  b u t  t h e  small number of t r i a l s  p r e c l u d e d  f i n d i n g  a s t a t i s -  
t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e .  A d a p t a t i o n  d a t a  f o r  t h e  o l d  g r o u p  a r e  
p r e s e n t e d  i n  T a b l e  V I I .  
I n  c o n t r a s t  t o  t h e  a d a p t a t i o n  f o u n d  d u r i n g  S t a g e - 2  s l e e p  o f  t h e  o l d  
g roup ,  no  adap ta t ion ,  a s  shown i n  T a b l e  V I I I ,  was found in the middle-aged 
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Table  VI1 
RESPONSE  FREQUENCIES OF SUBJECTS AGED 69 AND 7 2  YEARS, 
DURING SLEEP  STAGES 2, DELTA, AND REM ON DIFFERENT 
EXPERIMENTAL NIGHTS, TO  SIMULATED  SONIC  BOOMS 
Frequency ( N )  
and  Pe rcen t  
of Responses  
S 1 eep 
S t a g e  
De l t ab  
I 
I 
R E M C  , 
I 
~ ~~ ~ 
Awake 
26 
(89.7) 
16 
(61.5) 
4 
(66.7) 
3 
(42.9) 
13 
(86.7) 
8 
(100.0) 
Response I 1  
II 
EEG 
Change 
-” 
1 
(3.4) 
5 
(19.2) 
1 
(16.7) 
2 
(28.6) 
1 
(6.7) 
~- 
0 
( 0) 
~~~ 
~~ ~ 
No Re- I I Night  Boom I n t e n s i t y  
sponse 
_ _ ~  
I I 
(6.9) 
1 1-6 I 0.63 & 1.25 psf  
I I - 
I 
(19.2) 
0,63 & 1.25 psf 
( 16.7) 
I 1-6 I 0.63 & 1.25 psf  
( 28.6) 
0.63 & 1.25 psf  
I I 
~ 
I 
(6.7) 
I 1-6 I 0.63 & 1.25 psf 
0.63 & 1.25 psf  
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T a b l e  V I 1 1  
RESPONSE  FREQUENCIES OF SUBJECTS AGED 41 AND 54 YEARS,, 
DURING SLEEP STAGES 2,  DELTA, AND REM ON DIFFERENT 
EXPERIMENTAL NIGHTS, TO SIMULATED SONIC BOOMS 
F r e q u e n c y  ( N )  
and Percent 
of R e s p o n s e s  Awake 
R e s p o n s e  I 
Sleep 
Stage EEG 
C h a n g e  
" 
" 
- 
a 
b 2  
c 2  
X2 = 1.877, 2 d f ,  N.S. 
X = 0.810,  2 df  , N . S .  
X = 1.333, 2 d f ,  N . S .  
N o  R e -  
sponse 
N i g h t  Boom I n t e n s i t y  
23 
1-6 
0.63,  1.25 
(46.9) & 2.5 p s f  
22 0.63,  1.25 
(48.9) 
11-  16 
C? 2.5 psf 
0.63,  1.25 l3 1-6 
(68.4) C? 2.5 psf  
11-16 0.63,  1.25 
(84.2)  2,5 psf 
22 
1-6 0.63, 1.25 
(95.7) & 2.5 psf  
18 0.62, 1.25 
(81.8) 
11-  16 
& 2.5 psf  
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group  dur ing  any  o f  t he  s l eep  s t ages  s tud ied .  Because  of t h e  s m a l l  num- 
b e r  of awake r e sponses  invo lved ,  any  t r end  in  da t a  would b e  d i f f i c u l t  t o  
I d e n t i f y  s t a t i s t i c a l l y .  However, t h e  EEG changes and No-Response catego- 
ries l i k e w i s e  show no s y s t e m a t i c  i n d i c a t i o n  of adapta t ion  be tween the  
first s i x  n i g h t s  a n d  t h e  l a s t  s i x  n i g h t s .  
A s  w i t h  t h e  middle-aged subjects,  adaptati .cn was n o t  f o u n d  i n  t h e  
young g r o u p .   I n   f a c t ,  I t  a p p e a r s  t h a t  i n  S t a g e - 2  sleep dur ing   n igh t s  
11 t o  16,  youngsters  were more l i k e l y  t o  show EEG changes than during 
n i g h t s  1 t o  6, b u t  t h e r e  was no change i n  t h e  f r e q u e n c y  o f  Awake responses .  
These d a t a  a r e  p r e s e n t e d  i n  T a b l e  I X .  
Response t o  Subsonic Jet Flyover Noise:  A s  was found w i t h  r e s p e c t  t o  
sonic.  booms, t h e  age  groups  responded d i f fe ren t ly  t o  a i r c r a f t  n o i s e  r e g a r d -  
less o f  i n t e n s i t y .  I n  T a b l e  X it w i l l  b e  s e e n  t h a t  t h e  o ld  group was  be- 
h a v i o r a l l y  awakened  by 43 .5  pe rcen t  o f  t he  f lyove r  no i se s ,  whereas  the 
middle-aged  and  young were awakened  by 7 .3  and 2.4 percent of t h e  a i r c r a f t  
f l y o v e r  n o i s e s .  
Whereas with booms t h e  groups were not found t o  r e spond  d i f f e ren t ly  
t o  i n t e n s i t y ,  w i t h  f l y o v e r - n o i s e  i n t e n s i t y  d i d  make  a d i f f e r e n c e ,  a s  shown 
i n  T a b l e  X I .  A s  t h e  i n t e n s i t y  of t h e  f l y o v e r  n o i s e  i n c r e a s e d ,  t h e  groups 
uniformly showed i n c r e a s e d  r a t e s  o f  a w a k e n i n g ,  i n c r e a s e d  r a t e s  o f  EEG 
changes, and a d e c r e a s e  i n  t h e  percentage of N o  Responses. 
The o l d  g r o u p ,  a s  was  hown w i t h  respect t o  booms,  was more l i k e l y  
t o  be awakened by t h e  f l y o v e r  n o i s e  t h a n  were t h e  t v o  younger groups but,  
i n  a d d i t i o n ,  showed t h e  most d r a m a t i c  c h a n g e  i n  r a t e  of awakening w i t h  a 
change  of  in tens i ty .  An increment of 6 PNdB (from 101 PNdB t o  107 PNdB) 
o f  i n t e n s i t y  r e s u l t e d  i n  a b o u t  d o u b l e  ( f r o m  37.8 t o  72 .2  percent )  t h e  per-  
cen tage  of  awake  responses  in  t h e  old group, whereas the middle-aged group 
s h i f t e d  from 0 t o  about  10 percent  and  the  young group from 0 t o  about 
25 

T a b l e  X 
RESPONSE  FREQUENCIES OF THREE  AGE  GROUPS TO 
SUBSONIC  JET  AIRCRAFT FLYOVER NOISE 
F r e q u e n c y   ( N )  
R e s p o n s e  
A g e  EEG and Percent Awake 
N o  
G r o u p  R e s p o n s e   C h a n g e  of R e s p o n s e s  
01 d 
N 
(30.5) (26.0) . (43.5) % 
33  28 47 
Middle- 
,(73.0) (19.7)  ( .3) % A g e d  
141 38 14 N 
Y o u n g  
N 223  59 7 I %  (77.2) (20.4) (2.4) 
X = 147.978,  4 d f ,  p < 0.01 2 
27 
Tab le  X I  
RESPONSE FREQUENCIES OF THREE AGE GROUPS TO SUBSONIC JET FLYOVER NOISE OF THREE INTENSITIES 
Olda 
b 
Middle-Aged 
Response Response Response 
C 
Frequency (N) 
of  Responses Awake 
Young 
Flyover  
d and Percent  
I n t e n s i t y  No No EEG N o  EEG EEG Awake Awake 
Change  Response Change Response Change Response 
101 PNdB 
N 
(64.0)  (30.6) (5.4)  (61.8)  (29.4)  (8.8) % 
71 34 6 42 20 6 N 
(78.4)  (20.6) (.9) (72.4)  (17 1  (10.5) (0) (27.8)  (72.2) % 
80 21 1 55  1.3  8 0 5  13 N 
(94 .7)  (5.3) (0) (89.8)  (10.2) (0) (36.7) (25.6) (37.8) 70 
72  4 0 44 5 0 33  23  34 
107 PNdB 
113 PNdB 
a. 2 
b 2  
c 2  
d 
X = 10.716,  2 d f ,  p < 0.01 
X = 12.991,  4. d f ,  p < 0.02 
X = 26.583, 4 d f ,  p < 0.01 
E s t i m a t e d  i n t e n s i t y  a s  i f  m e a s u r e d  o u t d o o r s .  I n d o o r  i n t e n s i t y  a b o u t  20 PNdB less. 
1 p e r c e n t .  Note a l s o  t h a t  i n  the young g roup  an  add i t iona l  i nc rease  o f  
6 PNdB r e s u l t e d  i n  a n  i n c r e a s e  i n  t h e  p e r c e n t a g e  of awake responses (from 
about 1 pe rcen t  t o  about  5 p e r c e n t )  a s  w e l l  a s  a n  i n c r e a s e  i n  t h e  EEG 
Change Rate  from 20.6 p e r c e n t  t o  30.6 p e r c e n t .  These e f f e c t s  a r e  i l l u s -  
t r a t e d  i n  F i g .  4 .  
Responses t o  f l y o v e r  n o i s e  were i n  p a r t  d e p e n d e n t  upon t h e  s l e e p  
s t a g e ,  a s  shown i n  T a b l e  X I I .  However, t h a t  t h e  r e l a t i o n s h i p s  a r e  b y  no 
means simple can be s e e n  i n  F i g .  5, i n  which responses t o  f l y o v e r s  o f  t h e  
t h r e e  g r o u p s  i n  t h e  t h r e e  s l e e p  s t a g e s  a r e  p l o t t e d .  Here it w k l l  be seen 
t h a t  i n  s i m i l a r  s l e e p  s t a g e s  t h e  o l d  group was  awakened s i g n i f i c a n t l y  more 
f r e q u e n t l y  by f l y o v e r s  t h a n  were t h e  younger   groups.   In   Stage REM, for  
example,  the old group was  awakened  by about  37 percent  of  t h e  f l y o v e r s ,  
t h e  middle-aged group by about 10 p e r c e n t  o f  t h e  s t i m u l i ,  and t h e  young- 
sters by about 8 p e r c e n t .  As was t h e  c a s e  w i t h  s o n i c  booms, a l l  three 
groups were awakened most f r e q u e n t l y  wh i l e  i n  S t a g e  REM. 
I t  i s  a l s o  o f  some i n t e r e s t  t o  n o t e  t h a t  t h e  d i f f e r e n c e  between r a t e s  
o f  awakening during Stage Delta and Stage 2 appea r s  t o  be r e l a t e d  t o  chron- 
o log ica l  age .  For t h e  o ldes t  g roup  t h e  d i f f e r e n c e  b e t w e e n  r a t e s  o f  awaken- 
ing during Del ta  and Stage 2 is a b o u t  t e n  p e r c e n t a g e  p o i n t s ,  f o r  t h e  middle- 
aged group about 6 pe rcen tage  po in t s ,  and  fo r  t he7 -and  8 -yea r  o lds  t h e  
r a t e s  d i f f e r  by about 1 pe rcen tage  po in t .  The o l d  and  middle-aged  group 
were awakened more f r equen t ly  du r ing  S tage  2 than  du r ing  S tage  De l t a ,  
w h i l e  t h e  young group appeared t o  be awakened a s  f r e q u e n t l y  i n  D e l t a  a s  
i t  was i n  S t a g e  2 .  The sma l l   d i f f e rence ,   abou t  1 pe rcen tage   po in t ,  may 
be w i t h i n  t h e  limits of experimental  error, so t h a t  f o r  t h e 7 - a n d  8 - y e a r  
olds the  f r equency  of awakening i n  S t a g e s  2 and  De l t a  a re  equ iva len t .  
The i n c r e a s e d  r a t e  o f  awaken ing  wi th  inc reases  in  f lyove r  in t ens i ty  
t h a t  was found fo r  the  t h r e e  a g e  g r o u p s  r e g a r d l e s s  o f  s l e e p  s t a t e  ( F i g .  4 )  
was found t o  hold i f  t h e  sleep s t ages  o f  each  o f  t he  age  g roups  were h e l d  
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Table XI1 
S l e e p  
S t   a g e  
2 
De l t a  
REM 
RESPONSE  FREQUENCIES  OF  THREE AGE GROUPS  TO 
SUBSONIC JET FLYOVER  NOISE IN SLEEP  STAGES 2, REM, AND DELTA 
01 da 
Response 
1 
Middle 
b C 
Frequency (N) 
and Percent 
Young 
Response Response 
of Responses Awake 
EEG No EEG No EEG No 
Awake Awake 
Change Response  Change Response Change Response 
N 
(74.5) (17.6) (7.8) (81.3) (8.3) (10.4) (56.1) (7.3) (36.6) 70 
38 9  4 39 4 5 .  46 6 30 N 
(84.0) (14.0)  (2 ) (78.0) (20.0) (2.0)  (57.1)  (25.4)  (17.5) % 
84 14 2 39 10 1 36 16 11 N 
(73.2) (26.1)  (0.7) (66.3) (25.3) (8.4)  (32.9) (38.8) (28.2) 70 
101 36 1 63 24 8 56 66 48 
a 2  
b 2  
c 2  
X = 33.929, 4 d f ,  p < 0.01 
X = 8.761,  4 d f ,  N.S. 
X = 13.220, 4 d f ,  p < 0.02 
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FIGURE 5 RESPONSE OF THREE AGE GROUPS DURING  THREE SLEEP  STAGES, TO SUBSONIC  JET FLYOVER NOISE 
c o n s t a n t .   T h e s e   r e s u l t s   a r e   i l l u s t r a t e d   i n   F i g s .  6, 7,  and 8. Note i n  
Fig. 6 t h a t  for t h e  o l d  g r o u p  a 6-PNdB i n c r e a s e  i n  i n t e n s i t y  r e s u l t e d  i n  
t h e  l a r g e s t  i n c r e a s e  (from about 1 2  pe rcen t  to about  66 percent)  i n  t h e  
r a t e  of awakening  dur ing  Stage  Del ta ,  whi le  the  o ther  groups  showed the 
l a r g e s t  i n c r e a s e  when t h e   f l y o v e r s   o c c u r r e d   d u r i n g   S t a g e  R E M .  T y p i c a l l y ,  
with the middle-aged and young g r o u p s  t h e  l a r g e s t  c h a n g e  i n  r a t e  o f  awaken- 
ing  du r ing  S tage  REM o c c u r r e d  i f  t h e  f l y o v e r  i n t e n s i t y  was i n c r e a s e d  from 
107 t o  113 PNdB. I n  t h e  m i d d l e - a g e d  g r o u p  a n  i n c r e a s e  i n  i n t e n s i t y  f r o m  
101 t o  107 PNdB r e s u l t e d  i n  a ra te  change from 0 t o  about 6 pe rcen t ,  bu t  
a n  a d d i t i o n a l  6 PNdB ( t o  113 PNdB) r e s u l t e d  i n  a b o u t  7 7  p e r c e n t  awake re- 
s p o n s e s   d u r i n g   S t a t e  REM ( F i g .   7 ) .  The  youngest  group, i n  c o n t r a s t ,  
showed an  increase  f rom 0 t o  a b o u t  5 p e r c e n t  i n  r a t e  o f  awakening when t h e  
s t i m u l u s  i n t e n s i t y  was increased from 101 t o  107 PNdB, but  increased  t o  
about 14 percen t  w i th  an  in t ens i ty  inc rease  f rom 107  t o  113 PNdB. These 
r e s u l t s  a r e  i l l u s t r a t e d  i n  F i g .  8. 
Note a l s o  i n  F i g s .  6 ,  7 ,  and 8,  t h a t  w i t h i n  a n  a g e  g r o u p ,  t h e  r a t e  
of  awakening during Stage Del ta  tends to  be less ,  a t  comparable  f lyover  
i n t e n s i t i e s ,  t h a n  d u r i n g  S t a g e  REM. This   o f   course  i s  c o n s i s t e n t   w i t h  
t h e  r e s u l t s  f o u n d  w i t h  s o n i c  booms where t h e  r a t e  o f  awakening  was g r e a t -  
est during REM (see F i g .  1 ) .  
 adaptation^ t o  Subsonic Jet Flyover Noise. The small  number of stim- 
u l i  o c c u r r i n g  d u r i n g  e a c h  o f  t h e  t h r e e  s l e e p  s t a g e s  p r e c l u d e d  tests f o r  
a d a p t a t i o n  a t  e a c h  i n t e n s i t y  o f  f l y o v e r  n o i s e  i n  e a c h  s l e e p  s t a g e .  I t  
was n e c e s s a r y ,  t h e r e f o r e ,  t o  a v e r a g e  t h e  r e s u l t s  o v e r  a l l  s l e e p  s t a g e s  
i n  a n  a t t e m p t  t o  a s s e s s  a d a p t a t i o n  t o  t h e  a i r c r a f t  n o i s e .  
Adapta t ion ,  as  mani fes ted  by a d e c r e a s e  i n  t h e  r a t e  o f  awakening 
w i t h  a n  i n c r e a s e  i n  t h e  number of No Responses, was found i n  t h e  o l d  
group, t o  f l y o v e r s  o f  101 PNdB. S i m i l a r  a d a p t a t i o n  was not  observed  with 
r e s p e c t  t o  107 PNdB f l y o v e r s ;  h o w e v e r ,  t h e  s t a t i s t i c a l l y  i n s i g n i f i c a n t  
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r e s u l t  may have been due t o  t h e  l i m i t e d  number of tests r e s u l t i n g  from 
b u t  4 e x p e r i m e n t a l  n i g h t s .  T h e s e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  X I I I .  
Table  X I 1 1  
RESPONSE  FREQUENCIES O F  SUBJECTS AGED 69 AND 71  YEARS, ON 
DIFFERENT  EXPERIMENTAL  NIGHTS,  TO  SUBSONIC JET FLYOVER NOISE 
Frequency (N) I Response 
and Percent  
of Responses 
Awake 
N 3 5 
% I (16.7) I (27.8) I (55.5) 
a 2  
b 2  
X = 7.299, 2 d f ,  p 0.05, o n e - t a i l e d  test 
X = 0.055, 2 d f ,  N.S. 
T h e e f f e c t s o f  a d a p t a t i o n  o n  t h e  r e s p o n s e s  o f  t h e  o l d  g r o u p  t o  f l y -  
over   of  101 PNdB a r e  i l l u s t r a t e d  i n  F i g .  9 .  These  e f f ec t s ,  it w i l l  be 
s e e n ,  a r e  a r e d u c t i o n  i n  t h e  r e l a t i v e  number of  awake responses (from 
about 54 pe rcen t  on  n igh t s  1 and 2, t o  about  17 percent  on nights  15 and 
16), w i t h  a n  i n c r e a s e  of t h e  number of N o  Responses (from about 21 per- 
c e n t  t o  about 56 percent.) .  
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Adapta t ion  in  the  middle-aged  group was found, t o  f l y o v e r  n o i s e  of 
113 PNdB. A s  can  be  seen  in  Tab le  X I V ,  t h e  s h i f t s  i n  r e l a t i v e  numbers 
of Awake and N o  Responses t o  107 PNdB f l y o v e r s  was i n  t h e  a n t i c i p a t e d  d i -  
rec t ion- - i . e . ,  a d e c r e a s e  i n  t h e  p e r c e n t a g e  of Awake responses  on t h e  
l a t t e r  n i g h t s - - b u t  t h e  s h i f t s  were n o t  o f  s u f f i c i e n t  nirignitude t o  be statis- 
t i c a l l y  s i g n i f i c a n t .  With f l y o v e r s  of 101  PNdB t h e  r e l a t i v e  number of 
No Responses  on nights  11 and 12  was found t o  dec rease ,  bu t  no Awake re- 
sponses  had  occurred  dur ing  n ights  1 and 2 or 11 and 12. F igure  10 i l l u s -  
t r a t e s  t h e  adapta t ion  observed  t o  f l y o v e r  n o i s e  o f  115 PNdB. 
I n  c o n t r a s t  w i t h  t h e  a d a p t a t i o n  f o u n d  i n  t h e  o l d  g r o u p  t o  f l y o v e r  
noise  of  101  PNdB and w i t h  t h a t  found i n  t h e  middle-aged group t o  f l y -  
overs  of  113 PNdB, t h e  young s u b j e c t s  d i d  n o t  a d a p t  t o  f lyovers  of  any  
i n t e n s i t y .  T h e s e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  XV. 
Summary of Responsiveness of the  Three Age Groups t o  Booms and Sub- 
s o n i c  A i r c r a f t  Noise. I t  i s  pe rhaps  o f  i n t e re s t  t o  c o n s i d e r  t h e  g e n e r a l  
respons iveness  (or l ack  o f  r e spons iveness )  of t h e  t h r e e  g r o u p s  of s u b j e c t s  
t o  the  son ic  booms and t h e  a i r c r a f t  n o i s e  w i t h o u t  p r e c i s e  r e g a r d  t o  t h e  
i n t e n s i t i e s  of s t i m u l i .  I t  i s  s e e n  i n  T a b l e  X V I  t h a t  t h e  p r o b a b i l i t y  of 
being awakened i s  g r e a t e r  f o r  t h e  o l d e r  a g e  g r o u p  r e g a r d l e s s  o f  t h e  t y p e  
of   s t imulus  . 
-" ~~ 
Figure  11 shows t h e  g e n e r a l l y  g r e a t e r  s e n s i t i v i t y  o f  older v e r s u s  
younger  people w i t h  r e s p e c t  t o  behavioral  awakening.  In terms of  a change 
i n  EEG a s  t he  r e s u l t  of a son ic  boom or a i rc raf t  n o i s e ,  t h e  g r o u p s  a r e  
less markedly different ,  even showing a p o s s i b l e  r e v e r s a l  i n  a p p a r e n t  sen- 
s i t i v i t y  between t h e  t w o  younger groups. 
Responses of Four Age Groups t o  Sonic  Booms and Subsonic  Aircraf t  
Noise. I n  t h e  m a i n ,  t h e  d a t a  o b t a i n e d  i n  t h e  s t u d y  of the  o ld ,  midd le -  
aged, and young groups f i ts  reasonably  w e l l  w i t h  t h a t  o b t a i n e d  i n  a n  
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Table XIV 
RESPONSE  FREQUENCIES  OF  SUBJECTS  AGES 41 AND 54 YEARS ON 
DIFFERENT  EXPERIMENTAL  NIGHTS, TO SUBSONIC JET FLYOVER  NOISE 
and Percent 
13  & 14 
N 
8 9 3 N 
( 7 8 . 6 )  ( 1 0 . 7 )   ( 1 0 . 7 )  7% 
22 3 3 
5 & 6  Yo 
( 8 0 . 6 )  (12 .9 )  ( 6 . 5 )  90 
25 4 2 N 
( 4 0 . 0 )  ( 4 5 . 0 )  (15 .0)  
113 PNdBC 
1 5  & 1 6  
a 2  
b 2  
c 2  
X = 1 . 6 2 2 ,  2 df, N.S. 
X = 0 . 7 4 3 ,  2 d f ,  N.S. 
X = 8 . 4 8 2 ,  2 d f ,  p < 0 .02 ,  o n e - t a i l e d  test,  
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T a b l e  XV 
RESPONSE  FREQUENCIES  OF  SUBJECTS AGED 7 AND 8 YEARS ON 
DIFFERENT  EXPERIMENTAL NIGHTS, TO SUBSONIC JET FLYOVER NOISE 
Frequency  (N) 
Nigh t s   and   Pe rcen t  
of Responses 
F1  yover 
I n t e n s i t y  
Response 
Awa Ice 
5 & 6  
N 
% 
27 N 
( 5 . 0 )  (32 .5)   (62 .5)  % 
2 13 2 5  
113 PNdBC ' 
15 Or 16 
a 2  
2 
c 2  
X = 0.012, 2 d f ,  N.S. 
X = 0.125, 2 d f ,  N.S. 
X = 0.431, 2 d f ,  N.S. 
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Table  X V I  
RESPONSE  FREQUENCIES OF THREE  AGE  GROUPS  TO  SIMULATED  SONIC  BOOMS 
AND SUBSONIC JET FLYOVER  NOISE  REGARDLESS  OF  INTENSITY 
. . ~  
S t i m u l i  
~~ 
Booms 
~~ . "~ 
Flyovers  
Booms 
" 
F1 yov er  s 
".  . . ~ 
Booms 
- ....... ~ ~ ~~ 
Flyovers  
- ". . . .. 
Frequency  (N) I 
and Percent 
of Responses 
Awake 
a 2  
b Z  
c 2  
X = 19.234, 2 d f ,  p < 0.01 
X = 16.736, 2 d f ,  p < 0.01 
X = 10.562, 2 d f ,  p < 0.01 
Response 
2"P-l (26.0)   (30.5)  
(36.7)  73 I (60.8)  121 I 
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e a r l i e r  s t u d y  o f  college students   (Ref .   4) .   The  f requency of awakening 
of t h e  college s t u d e n t s  a n d  t h e  s u b j e c t s  o f  t h e  p r e s e n t  s t u d y  to  simulated 
s o n i c  bcmms a n d  s u b s o n i c  a i r c r a f t  f l y o v e r  n o i s e  a r e  p r e s e n t e d  i n  T a b l e X V I I .  
The i n t e n s i t i e s  of some of t h e  s t i m u l i  were s l i g h t l y  d i f f e r e n t  i n  t h e  t w o  
s t u d i e s ,  so t h a t  some i n t e n s i t y  c a t e g o r i e s  were combined t o  permit c e r t a i n  
comparisons t o  be made among the  fou r  age  g roups .  
There is an  obvious  lack  of  cor re la t ion  be tween chronologica l  age  
and  awakening t o  t h e  f l y o v e r  n o i s e :  t h e  7-  and  8-year-old group and t h e  
41- and 54-year-old group were not  awakened by f l y o v e r s o f l O l a n d 1 0 3  PNdB, 
w h i l e  c o l l e g e  s t u d e n t s  were awakened  by about 33 p e r c e n t  o f  t h e s e  s t i m u l i ,  
or a r a t e  s i m i l a r  to  tha t  observed  for  the  72-year -o ld  group (37.8 per- 
c e n t ) .  F u r t h e r ,  w i t h  a n  i n c r e a s e  of about  10  PNdB t o  113 PNdB i n  f l y o v e r  
n o i s e  i n t e n s i t y ,  t h e  young and middle-aged groups were awakened respec-  
t i v e l y  by about 5 and 9 percent  of  the  s t i m u l i ,  w h i l e  t h e  college s t u d e n t s  
were awakened by 91.7 percent of flyover noises of 113 PNdB. 
With r e s p e c t  t o  s imula ted  sonic  booms, t he  da t a  do  no t  show wide dis-  
c repancies .  The young  and  middle-aged  groups were not awakened  by t h e  
lowes t - in t ens i ty  booms ( 0 . 6 3  p s f ) ,  w h i l e  t h e  c o l l e g e - a g e  s u b j e c t s  were 
awakened  by about  1 .4  percent  of  these  s t imul i .  A t  the  h igh  end  of t h e  
boom i n t e n s i t y  s c a l e  ( 1 . 9  and 2.5 p s f )  i t  i s  s e e n  t h a t  t h e  7-  and  8-year 
o l d s  'were not awakened, while the college students and middle-aged group 
were awakened  by 5.0 and 4 . 3  pe rcen t ,  r e spec t ive ly ,  o f  t hose  booms.  The 
old subjects,  i n  c o n t r a s t ,  were awakened much more f r equen t ly  by bo th  the  
low-intensity (0.63-psf) and medium-intensity (1.25-psf) booms. 
Equivalent  Responses t o  Booms and  Flyovers.  I t  is reasonable  to  hy- 
p o t h e s i z e  t h a t  i n  t h e  d i f f e r e n t  a g e  g r o u p s  some i n t e n s i t y  o f  f lyove r  no i se  
should r e s u l t  i n  r e s p o n s e  f r e q u e n c i e s  s i m i l a r  t o  those  obta ined  by s t i m u -  
l a t ion  wi th  s imula t ed  son ic  booms.  The d i s t r i b u t i o n s  o f  r e s p o n s e s  to  f l y -  
o v e r s  o f  d i f f e r e n t  i n t e n s i t i e s  f o r  t h e  t h r e e  a g e  groups ( a s  shown i n  
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T a b l e  XVII 
PERCENT AWAKE RESPONSES OF FOUR AGE GROUPS 
TO  SIMULATED  SONIC BOOMS AND SUBSONIC 
'AIRCRAFT  FLYOVER  NOISE OF SEVERAL INTENSITIES 
St imulus  
I n t e n s i t y  
a 
a 
Boom I n t e n s i t y  
0 . 6 3  P s f  
1.25 P s f  
1 . 9  & 2.5 P s f  
F l y o v e r  I n t e n s i t y  
i 
9 3  'PNdB 
101 & 103  PNdB 
107 PNdB 
113 PNdB 
0/76 = 0% 
b 
1/102 = 0.9% 
0/111 = 0% 
0/76 = 0% 
1/102 = 0. %z 
6/111 = 5.4% 
Age i n  Y e a r s  
2/144 = 1.4% 
6/120 = 5.0% 
0/24 = 0% 
8/24 = 33% 
~ 
41 8t 54 years 
0/47 = 0% 
2/82 = 2.4% 
3/70 = 4.3% 
0/49 = 0% 
8/76 = 10.5% 
6/68 = 8.8% 
a 
b 
A s  measured outdoors .  
(Number of awake  responses/number of s t i m u l a t i o n s  a t  i n t e n s i t y )  
X 100 = P e r c e n t .  
4 
69/94 = 73.4? 
15/22 = 68.a 
34/90 = 37.0% 
13/18 = 72.2% 
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F i g .  8 ) ,  were v i s u a l l y  compared t o  t h e  d i s t r i b u t i o n  of responses  t o  booms 
of t h e  t h r e e  i n t e n s i t i e s  combined, and t h e  f l y o v e r  d i s t r i b u t i o n  a p p r o x i -  
mating most c l o s e l y  t h a t  o f  t h e  booms was t e s t e d  s t a t i s t i c a l l y  f o r  good- 
n e s s  of f i t .  
F i g u r e  1 2  s h o w s  t h e  d i s t r i b u t i o n  o f  r e s p o n s e s  t o  son ic  booms rep re -  
s en ted  for each  age  g roup  and  the  d i s t r ibu t ion  of responses  t o  f l y o v e r s  
t ha t  appea red  t o  approximate  the  responses  t o  t h e  s o n i c  booms. I t  w i l l  
b e  s e e n  t h a t  i n  t h e  o l d  and  young sub jec t s ,  f l yove r s  o f  107  PNdB r e s u l t e d  
i n  r e s p o n s e  f r e q u e n c i e s  t h a t  a r e  s t a t i s t i c a l l y  e q u i v a l e n t  t o  t h o s e  ob- 
t a ined   w i th   son ic  booms.  (Old  group: X = 5.706, 2 df ,   0 .10  > p > 0.05; 
young  group: X = 5.172, 2 df ,   0 .10  > p > 0.05. The other   comparisons--  
i . e . ,  101  PNdB ve r sus  booms and 113 PNdB ve r sus  booms, were d i f f e r e n t  
s t a t i s t i c a l l y . )  I n  c o n t r a s t ,  t h e  middle-aged  group 's   responses  t o  booms 
most c losely approximated  those  obtained t o  f lyove r  o f  113 PNdB. However, 
t h e s e  d i s t r i b u t i o n s  were s i g n i f i c a n t l y  d i f f e r e n t  (X2 = 11.789, 2 d f ,  
p < 0.011, as were the  o the r  compar i sons .  The major c o n t r i b u t o r  t o  t h e  
s i g n i f i c a n t  C h i - s q u a r e  was t h e  d i f f e r e n c e  o f  a b o u t  5 pe rcen tage  po in t s  
between the number o f  awake responses  to booms and  f lyovers .  
2 
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FIGURE 12 INTENSITY OF SUBSONIC JET AIRCRAFT  FLYOVER NOISE RESULTING IN RESPONSES APPROXIMATELY 
EQUIVALENT TO THOSE OBTAINED FOR SIMULATED SONIC BOOMS OF 0.63 TO 2.5psf INTENSITY 
V DISCUSS ION 
Limited amoun t s  o f  s c i en t i f i c  i n fo rma t ion  r ega rd ing  the  poss ib l e  
importance of brief i n t e r r u p t i o n s  o f  s l e e p ,  as evidenced by t h e  EEG. 
changes, to phys io log ica l  we l l -be ing  would s u g g e s t  t h a t  b e h a v i o r a l  awaken- 
i n g  be used a t  t h i s  time as the ma jo r  i nd ica to r  of t he  d i s x u p t i v e  effects 
o f   son ic  booms and   f l yove r s .   Indeed ,   i n t e rp re t a t ion   o f  the v a r i a b i l i t y  
n o t e d  i n  t he  EEG responses  during the  d i f f e r e n t  EEG s tages  remains  a 
cha l l eng ing  area o f '  research. Accord ingly ,  our  ana lys i s  of  the r e s u l t s  
and t h e  d i s c u s s i o n  t o  fol low are concerned pr imari ly  wi th  the response 
ca tegory  of behavioral  awakening. 
There appeared t o  be no c o n s i s t e n t  d i f f e r e n t i a l  awakening responses 
to  son ic  booms of the  d n i f f e r e n t  i n t e n s i t i e s  a s  u s e d  i n  these tests. A 
d i f f e r e n t i a l  s e n s i t i v i t y  is  p r e s e n t  p e r h a p s  i n  t he  21-and 22-year olds 
and in  the  41-and  54-year  o lds  as  shown i n  T a b l e  WII, bu t  is l a c k i n g  i n  
the7 -and  &yea r  olds ,  and  even  reversed  for the oldest  group.  The l ack  
o f  an  appa ren t  d i f f e ren t i a l  r e spons iveness  for t h e  ch i ldren  could ,  o f  
course ,  be s o l e l y  d u e  t o  the  fact  t h a t  none of the booms used were of 
s u f f i c i e n t  i n t e n s i t y  t o  e x c e e d  the  awakening threshold for the  c h i l d r e n .  
P e r h a p s  f o r  the oldest  group the  degree of r e spons iveness  exh ib i t ed  
( abou t  700/0)would occur  with booms of  a lmost  any  in tens i ty .  In  shor t ,  the  
l ack  or g e n e r a l  s m a l l n e s s  o f  d i f f e r e n t i a l  s e n s i t i v i t y  o b t a i n e d  may be 
only apparent ,  and due to  the par t icu lar  subjec ts  and/or  exper imenta l  con-  
d i t o n s  p r e s e n t  d u r i n g  these p a r t i c u l a r  boom exposures .  
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Without  reference to  the t y p e s  o f  s t i m u l i ,  t h e  rates a t  which t h e  
d i f f e r e n t  a g e  g r o u p s  were awakened raise some ques t ions  about  seemingly  
incons i s t en t  phys io log ica l  o r  p sycho log ica l  changes  t ha t  supposedly occur  
as a f u n c t i o n  o f  age. As persons  become o l d e r ,  a u d i t o r y  s e n s i t i v i t y  de- 
creases, and  presumably. t h e  e l d e r l y  are less l i k e l y  t o  d e t e c t  and respond 
to  audi tory   s t imul i .   S imul taneous ly ,   however ,  older people   apparent ly  
are less l i k e l y  to  s l eep  sound ly  than  are younger  persons.  Younger in- 
d i v i d u a l s ,  i n  c o n t r a s t ,  h a v e  much more s e n s i t i v e  ears, b u t  a l s o  s l e e p  
much more sound ly .   I f  these oppos ing   t r ends  were e q u a l l y  i n f l u e n t i a l ,  
the  e x p e c t e d  n e t  e f f e c t  would be tha t  t h e  old and young groups should 
have  s imi l a r  rates of awakening t o  g i v e n  i n t e n s i t i e s  o f  a u d i t o r y  s t i m u l i .  
That these r e l a t i o n s h i p s  are n o t  l i n e a r  w i t h  respect t o  a g e  is ind i -  
cated '  by t h e  s i g n i f i c a n t  i n c r e a s e  ( r o u g h l y  65%) i n  t h e  f requency  of  awaken- 
ings  found  in  the 25-year span between t h e  middle-aged and old groups,  
compared to  an  inc rease  o f  abou t  6% found i n  the 37-year  span between the 
young  and  middle-aged  group. The data  s t r o n g l y  s u g g e s t  t h a t  a family of 
curves  cor responding  to  age  groups  probably  are r e q u i r e d  t o  r e l a t e  r e s p o n -  
s i v e n e s s  d u r i n g  s l e e p  t o  c h a n g e s  i n  a u d i t o r y  s t i m u l u s  i n t e n s i t y .  
I t  i s  also t o  be n o t e d  t h a t  whi le  t hese  o lde r  peop le  had s i g n i f i c a n t  
hea r ing  lo s ses  a t  frequencies  above about  1000 Hz, somewhat i n  e x c e s s  o f  
those to  be expected from normal  aging,  t h e i r  aud i to ry  acu i ty  a t  t h e  lower 
f r equenc ie s  was normal.  Althought t h e  subsonic  j e t  a i rc raf t  no i se  has 
s i g n i f i c a n t  amounts  of  energy  above  1000 Hz, the sounds from t h e  booms 
are predominantly a t  f r equenc ie s  less than   about  200 Hz. Therefore  it 
is  t o  be expected t h a t  i n  the  case o f  son ic  booms a decrease i n  a u d i t o r y  
acu i ty  does  no t  en t i r e ly  compensa te  fo r  t h e  i n c r e a s e d  s u s c e p t i b i l i t y  t o  
awakening as one grows older,  but t h a t  i t  d o e s  t o  a greater d e g r e e  i n  t h e  
case of j e t  a i rc raf t  noise .  The t r end  o f  t h e  d a t a  i s  c o n s i s t e n t  w i t h  t h i s  
analysis--somewhat  greater  awakening in  t h e  o ldes t  g r o u p  t h a n  i n  the younger 
groups t o  son ic  booms t h a n  t o  the noise  of  t h e  subsonic  j e t  a i r c r a f t .  
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F i n a l l y ,  i t  is i n t e r e s t i n g  t o  n o t e  t ha t  100 test  s u b j e c t s  ( r e s i d e n t s  
of Edwards A i r  Force Base,  ranging in age from 18 t o  60 y e a r s )  who had 
been  habi tua l ly  exposed  in  their homes f o r  s e v e r a l  y e a r s  t o  s o n i c  booms, 
rated s o n i c  booms o f  a b o u t  1 . 7  p s f  a s  b e i n g  s u b j e c t i v e l y  e q u i v a l e n t  ( i n  
a c c e p t a b i l i t y )  t o  t h e  n o i s e  o f  a subsonic  j e t  a i r c r a f t  o f  1 0 5  PNdB, 
when indoors,   and 109 PNdB when outdoors  (Ref. 2 ) .  As i n  t h i s  p r e s e n t  
s tudy,  t h e  l e v e l  o f  t h e  boom and a i r c r a f t  n o i s e  are as measured outdoors. 
Th i s  gene ra l  s imi l a r i t y  be tween  the  r e l a t i v e  s e n s i t i v i t y  o f  p e o p l e  
t o  booms and to  subson ic  j e t  a i r c r a f t  n o i s e  when asleep and when awake 
may b e  f o r t u i t o u s ,  o r  a t t r i b u t a b l e  t o  the p a r t i c u l a r  d e g r e e  o f  f a m i l i a r i t y  
and  adap ta t ion  to  the  booms and a i r c r a f t  n o i s e  among t h e  d i f f e r e n t  g r o u p s  
o f   sub jec t s   i nvo lved   i n   t he  tests. However, t h e  s u b j e c t s  a t  Edwards AF 
Base were very much adapted  to  sonic  booms and a i r c ra f t  no i se ,  and  the 
s u b j e c t s  i n  t h e  sleep tests presumably were not  ( a t  least consc ious ly)  
a t t a c h i n g  more s i g n i f i c a n c e  t o  booms t h a n  t o  the a i r c r a f t  n o i s e .  For t h i s  
reason i t  may be r e a s o n a b l e  t o  s u g g e s t  t h a t  r e g a r d l e s s  o f  a person 's  age 
the  b a s i c  r e l a t i v e  e q u a l  a r o u s a l  effect when a s l e e p  and  equal  subjec t ive  
nois iness  or  unwantedness  when awake is on the  average  represented  by an 
a i r c r a f t  n o i s e  a t ,  s a y ,  110 PNdB, and a son ic  boom a t  2 p s f .  I t  must  be 
k e p t  i n  mind, though, t ha t  while  the two s t i m u l i  c a n  p o s s i b l y  be ad jus t ed  
t o  be approx ima te ly  equ iva len t  t o  each  o the r  i n  their  awakening o r  non- 
awakening effects somewhat independent ly  of  the  age of  t h e  s u b j e c t s ,  t h e  
d i f f e ren t  age  g roups  d i f f e r  g rea t ly  f rom each o t h e r  i n  g e n e r a l  s e n s i t i v i t y  
t o  either the booms o r  the  aircraft no i se .  
51 

VI CONCLUSIONS 
These conclusions are based  on  s tud ie s  o f  small homogeneous groups 
o f  s u b j e c t s ,  a n d  t h e r e f o r e  s h o u l d  b e  c o n s i d e r e d  t e n t a t i v e  a t  t h i s  time. 
1. I n  a "typical"  house,   people  aged  about 70 y e a r s  a r e  more l i k e l y  
t o  b e  awakened by bo th  s imula t ed  son ic  booms and j e t  a i r c r a f t  n o i s e  t h a n  
are younger people (ages of about 8 years and 47 y e a r s ) .  
2 .  People  aged about  70 years  are awakened  by  about 70 percent  of  
t he  s imula t ed  son ic  booms (0 .63  to  1 .25  psf ,  as measured outdoors) , and 
on the average by about 55 percent  of  the  subsonic  j e t  a i r c r a f t  f l y o v e r s  
( 103-107 PNdB, as measured outdoors) . 
3 .  I n  a " typical   house,"   people   aged  about  7 years ,   21  years, and 
41-54 years a r e  l i k e l y  t o  be awakened about  17% o f  t h e  time by subsonic  
j e t  a i r c r a f t  f l y o v e r s  of. i n t e n s i t i e s  from about 90-113 PNdB, as measured 
outdoors,  and about only 290  of t h e  t i m e  by s o n i c  booms o f  i n t e n s i t i e s  
0 .63  to  2 .5  ps f ,  as measured outdoors. 
4.  Changes i n  t h e  EEG, i n d i c a t i n g  some a rousa l   f rom  s l eep ,   a r e   no t  
as i n t e r p r e t a b l e  o r  p e r h a p s  a s  c o n s i s t e n t  a n  i n d i c a t o r  of d i f f e r e n c e s  i n  
s e n s i t i v i t y  o f  t h e  d i f f e r e n t  a g e  g r o u p s  t o  booms or a i r c r a f t  n o i s e  as is 
behavioral  awakening. 
5 .  S t a g e  o f  s l e e p ,  a s  i n d i c a t e d  by EEG p a t t e r n ,  i s  c o r r e l a t e d  w i t h  
s e n s i t i v i t y  t o  b e h a v i o r a l  awakening.  Subjects are most l i k e l y  awakened 
i n  s t a g e  R F M ,  less l i k e l y  i n  S t a g e  2 ,  a n d l e a s t  l i k e l y  i n  s t a g e  Delta. 
On t h e  o t h e r  hand, changes i n  EEG pat te rn  occurred  pr imar i ly  and  about  
e q u a l l y ,  o v e r  a l l  a g e  g r o u p s  i n  s t a g e s  Delta and  2,  and l e a s t  f r e q u e n t l y  
du r ing  S tage  R E M .  
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6. Adap ta t ion  e f f ec t s  a s  measu red  by a comparison  between t h e  re- 
sponses  on the  first s i x  and l as t  s i x  n i g h t s  of testing were n o t  c o n s i s t e n t  
among the  g roups  fo r  either booms or aircraft  n o i s e .  I n  g e n e r a l ,  there 
a p p e a r s  t o  be l i t t l e  a d a p t a t i o n  t o  t h e  booms bu t  some a d a p t a t i o n  t o  the  
a i rcraf t  no i se .  
7 .  Averaged  over a l l  age groups, i t  a p p e a r s  t h a t  booms of 0.63 t o  
2.5 psf a r e  a s  awakening as a i r c r a f t  n o i s e  o f  93 t o  113 PNdB (both sounds 
measured  outdoors) . 
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